Sleeping animals do not move or feed and are less responsive. In Caenorhabditis elegans, a single neuron triggers sleep. A recent study shows that the neuron releases several neuropeptides -each with distinct sleep behavioral effects -to promote the collection of behaviors that is sleep.
Which is more complicated, wake or sleep? At first glance, it would seem the former. During wake, we must respond to an unpredictable world: we walk, feed, defecate, socialize, reproduce, and defend ourselves. And though the old view of sleep as a passive state (i.e., not wake) fell by the wayside in the 1950s with the discovery of rapid eye movement sleep, we still think of sleep as relatively simple: sleep turns off those complex wake behaviors.
But consider the biological challenge an animal faces when coordinating the simultaneous shutting down of multiple wake behaviors. If this shut down is not tightly coordinated, one aspect of wake may be turned off, while another persists. This problem is relevant to human health. Some patients kick during sleep, others eat during sleep, and yet others experience sleep-like paralysis despite being awake. One can think of the global sleep state as a conglomeration of many sleep sub-behaviors, which include feeding quiescence, movement quiescence, defecation quiescence, increased arousal threshold, and others.
One way to tightly coordinate these sleep-programs is to consolidate the control switches to just a small number of neurons. This solution has been favored by evolution in animals ranging from mammals to nematodes. In mammals, sleep-promoting activity is confined to a small set of neurons located in the preoptic region of the hypothalamus [1] (and one other small set in the brain stem [2] ). In nematodes, sleep-promoting activity resides primarily in the single ALA neuron [3] (and one other neuron, RIS [4] ).
This solution of one master sleep controller raises a second question: how does a small set of cells effect a global change in the animal? Does this sleep-center turn off all wake-programs by releasing a single master signal? Or does it use a different signal to switch off each behavior (Figure 1) ? Imagine an office building that turns its lights out every night. The easiest way to turn off all of the lights would be to use a single switch that controls all the lights. But it might also be helpful to have a switch that controls only the hallways, one that controls the offices, and one that controls the bathrooms. Which of these models explains sleep coordination: the master-switch model or the room-specific switch model?
As reported in this issue of Current Biology, Nath et al. use the nematode Caenorhabditis elegans to tackle the question of how a single central neuron controls sleep [5] . The type of sleep that Nath et al. studied is triggered by cellular stress and is akin to the sleep that mammals show when they are acutely sick (for example, we engage in sick sleep when we have the flu). Stress-induced sleep, which the authors trigger with high heat exposure, has the cardinal features of sleep. The worms stop moving, feeding, defecating, and foraging. They do not respond to gentle stimuli in their environment, but if poked hard they wake up. And if they are prevented from sleeping after exposure to heat, animals are more likely to die, demonstrating a benefit to this sleep [3] . Nematode stress-induced sleep is triggered when the hormone epidermal growth factor activates a single sleep-promoting neuron called ALA. This one neuron is nearly exclusively responsible for the induction of stress-induced sleep [3] .
To identify genes expressed in ALA, the investigators microdissected the ALA neuron, isolated its RNA and performed deep sequencing. This was a technically impressive feat as neurons in C. elegans are tiny and the animal is enveloped by a tough cuticle. They compared the RNA-seq reads from ALA to those from whole animals. Since ALA is known to contain dense core vesicles and at least two neuropeptide genes were already known to be expressed in ALA [6, 7] , the authors fully expected to find one or a few neuropeptide mRNAs to be enriched in ALA. To their surprise, they found not one, not a few, but over 30 ALA-enriched neuropeptide mRNAs! C. elegans has three types of neuropeptides. The flp genes encode neuropeptides with an amidated arginine-phenylalanine (RFamide) carboxy-terminal motif, ins genes encode insulin peptides, and nlp genes encode other neuropeptides. Remarkably, 16 of 31 flp genes and 17 of 51 nlp genes were enriched in ALA, demonstrating a staggering peptidergic complexity to this single neuron.
The researchers picked four of the neuropeptide-encoding genes most strongly expressed in ALA and studied their effects on sleep. They focused on the following sub-programs of sleep: feeding quiescence, body movement quiescence, head movement quiescence, defecation quiescence, and sensory arousal threshold. They first performed necessity experiments. No loss-of-function mutant in a single neuropeptide gene had a strong effect on any of these sleep sub-programs. But when they combined mutants in two genes -nlp-8 with flp-13 -they observed strong defects in sleep behaviors. They next performed sufficiency experiments by asking which sleep sub-programs were affected by over-expression of individual neuropeptide genes. Here, the results were more nuanced: flp-13 over-expression was sufficient to promote all sleep subprograms, consistent with previous evidence [6] . In contrast, flp-24 or nlp-8 over-expression only promoted head movement quiescence or defecation quiescence, respectively, and they both inhibited locomotion and promoted an elevated sensory arousal threshold.
These data provide a solution to the problem of how a single master sleep neuron controls several sleep sub-programs. But as usually occurs in biological research, the solution is not a perfect match for either of the two models proposed above (Figure 1 , left and middle panels). On the one hand, there is an element of a single master switch at play, since flp-13 over-expression alone can promote all sub-programs of sleep and removal of flp-13 in combination with removal of one of the other neuropeptide genes results in a strong defect in sleep. On the other hand, there are also elements of many switches since nlp-8 or flp-24 is each sufficient to promote a sleep sub-program with preservation of other sub-programs. Perhaps this complexity provides the animal a mechanism through which the broad sleep signal can be fine-tuned. The authors speculate that the use of specific neuropeptides to regulate sleep sub-programs may be favored by evolution since these sub-programs can be engaged in states in which you do not want to fully fall asleep. For example, in response to removal from food, the animal reduces or eliminates feeding and defecation movements but maintains a highly vigilant aroused state. To use the above office building metaphor, in some cases, it is advantageous to be able to turn off the office lights while keeping the hall lights on for safety.
How do these results in the nematode inform our understanding of sleep regulation in other systems? There are examples of neurons in mammals that express multiple neuropeptides. For example, neurons in the lateral hypothalamus express both hypocretin and dynorphin neuropeptides [8] . In many examples, single loss-of-function mutants of one neuropeptide have small or no phenotypes. The message from the Nath et al. paper is that analysis of single mutants may not be sufficient but should be complemented by performing gain-of-function over-expression studies. In support of using this approach, a recent large-scale gain-of-function screen for sleep/wake-promoting neuropeptides in zebrafish identified several neuropeptides with strong gain-of-function phenotypes but weak loss-of-function single mutant phenotypes [9] . In addition to studying the effects of over-expression, phenotypes for double and triple loss-of-function mutants should be examined, as neuropeptides may act collectively. For example, neuropeptides expressed in the same neurons in the lateral hypothalamus synergistically increase activity of wake-promoting neurons [10] .
Nath et al. find behavioral roles for three ALA neuropeptide genes, but there are 30 additional neuropeptide genes whose ALA-enriched expression remains to be explained. We have been discussing sleep in terms of turning off wake processes, but are there also processes actively turned on during sleep? The sleep studied by Nath et al. follows cellular stress and is required for repair. Perhaps one or more ALA neuropeptides specifically activates cellular repair pathways. Using again the office building metaphor, in order to perform needed repairs, you must not only shut off electricity to part of the building, but also actively send out a repair crew. The prediction of this notion of neuropeptides active in cellular repair is that removing such neuropeptides, perhaps in combination, would result in impaired cellular repair after stress. This study emphasizes the power of using a genetically tractable, simple model organism to understand complex behaviors. The worm has an extraordinarily simple nervous system, with just 302 neurons. At the same time, the worm has a rich array of elements regulating this circuit; in fact, there are more genes encoding neuropeptides and neuropeptide receptors in the C. elegans genome than most other animals. With the identification of both the central sleeppromoting neuron and its neuropeptides, the attention now turns to understanding the signaling mechanisms of these neuropeptides. What are the receptors, how do they signal, and where do they act?
Snake venoms are variable protein mixtures with a multitude of bioactivities. New work shows, surprisingly, that it is the loss of toxin-encoding genes that strongly influences venom function in rattlesnakes, highlighting how gene loss can underpin adaptive phenotypic change.
Venoms are important evolutionary innovations found scattered across the animal kingdom. From taxa as ancient as cnidarians, all the way through to our more recent piscine, amphibian, reptilian and mammalian vertebrate relatives, we find species that inject venom toxins into other animals for defensive, predatory or reproductive purposes [1] . Venoms are typically mixtures of toxic protein and peptide constituents and are thought to have evolved via a process of frequent gene duplication coupled to accelerated sequence evolution [1] . This expansion of toxic constituents is thought to have underpinned the evolution of new, often synergistic, protein functions. Surprisingly, in this issue of Current Biology, Dowell et al. [2] report that this adaptive process can also act in reverse, whereby frequent gene loss is responsible for shifting venom bioactivity away from an ancestral phenotype to a derived adaptive state.
Snake venom evolved at least 60 million years ago [3] -perhaps even as far back as 170 million years ago [4] -and it is the most well-studied of all animal venom systems. This is in part due to the high incidence of snakebite envenomings and deaths that occur each year in tropical regions of the world. Currently, it is estimated that as many as 94,000 people die annually, with many more suffering long-term morbidity as a result of the toxic effects of venom [5] . Medically important snakes use elegant hollow fangs located at the front of the upper jaw to inject venom expelled from the venom gland into target animals. The venom is primarily used for
